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Abstract We investigate the impact of flavour-conserving,
non-universal quark-lepton contact interactions on the dilep-
ton invariant mass distribution in p p→ `+`− processes
at the LHC. After recasting the recent ATLAS search per-
formed at 13 TeV with 36.1 fb−1 of data, we derive the best
up-to-date limits on the full set of 36 relevant four-fermion
operators, as well as estimate the sensitivity achievable at
the HL-LHC. We discuss how these high-pT measurements
can provide complementary information to the low-pT rare
meson decays. In particular, we find that the recent hints on
lepton flavour universality violation in b→ sµ+µ− transi-
tions are already in mild tension with the dimuon spectrum
at high-pT if the flavour structure follows minimal flavour
violation. Even if the mass scale of New Physics is well
beyond the kinematical reach for on-shell production, the
signal in the high-pT dilepton tail might still be observed, a
fact that has been often overlooked in the present literature.
In scenarios where new physics couples predominantly to
third generation quarks, instead, the HL-LHC phase is nec-
essary in order to provide valuable information.
1 Introduction
Searches for new physics in flavour-changing neutral cur-
rents (FCNC) at low energies set strong limits on flavour-
violating semi-leptonic four-fermion operators (qq′``), of-
ten pushing the new physics mass scaleΛ beyond the kine-
matical reach of the LHC [1]. For example, if the recent
hints for lepton flavour non-universality in b→ s`+`− tran-
sitions [2,3,4,5] are confirmed, the relevant dynamics might
easily be outside the LHC range for on-shell production.
In this situation, an effective field theory (EFT) ap-
proach is applicable in the entire spectrum of momentum
transfers in proton collisions at the LHC, including the
most energetic processes. Since the leading deviations from
the SM scale likeO(p2/Λ 2), where p2 is a typical momen-
tum exchange, less precise measurements at high-pT could
offer similar (or even better) sensitivity to new physics with
respect to high-precision measurements at low energies.
Indeed, opposite-sign same-flavour charged lepton produc-
tion, p p→ `+`− (`= e,µ), sets competitive constraints on
new physics when compared to some low-energy measure-
ments [6,7,8] or electroweak precision tests performed at
LEP [9].
At the same time, motivated new physics flavour struc-
tures can allow for large flavour-conserving but flavour non-
universal interactions. In this work we study the impact of
such contact interactions on the tails of dilepton invariant
mass distribution in p p → `+`− and use the limits ob-
tained in this way to derive bounds on class of models
which aim to solve the recent b→ s`` anomalies. With a
similar spirit, in Ref. [10] it was shown that the LHC mea-
surements of pp→ τ+τ− already set stringent constraints
on models aimed at solving the charged-current b→ cτν¯τ
anomalies. The paper is organized as follows. In Sec. 2
we present a general parameterisation of new physics ef-
fects in p p → `+`− and perform a recast of the recent
ATLAS search at 13 TeV with 36.1 fb−1 of data [11] to
derive present and future projected limits on flavour non-
universal contact interactions for all quark flavours acces-
sible in the initial protons. In Sec. 3 we discuss the impli-
cations of these results on the rare FCNC B meson decay
anomalies. We conclude in Sec. 4.
2 New physics in the dilepton tails
2.1 General considerations
Let us start the discussion on new physics contributions
to dilepton production via Drell-Yan by listing the gauge-
invariant dimension-six operators which can contribute at
tree-level to the process. We opt to work in the Warsaw
basis [12]. Neglecting chirality-flipping interactions (e.g.
scalar or tensor currents, expected to be suppressed by the
light fermion Yukawa couplings), dimension-six operators
can contribute to q q¯→ `+`− either by modifying the SM
contributions due to the Z exchange, or via local four-fermion
interactions. The former class of deviations can be probed
with high precision by on-shell Z production and decays
at both LEP-1 and LHC (see e.g. Ref. [13]). Also, such
effects are not enhanced at high energies, scaling like ∼
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2v2/Λ 2. Therefore we neglect them and focus on the four-
fermion interactions which comprise of four classes de-
pending on the chirality: (L¯L)(L¯L), (R¯R)(R¯R), (R¯R)(L¯L),
and (L¯L)(R¯R). In particular, the relevant set of operators
is:
L SMEFT ⊃
c(3)Qi jLkl
Λ 2
(Q¯iγµσaQ j)(L¯kγµσaLl)+
c(1)Qi jLkl
Λ 2
(Q¯iγµQ j)(L¯kγµLl)+
cui jekl
Λ 2
(u¯iγµu j)(e¯kγµel)+
cdi jLkl
Λ 2
(d¯iγµd j)(e¯kγµel)+
cui jLkl
Λ 2
(u¯iγµu j)(L¯kγµLl)+
cdi jLkl
Λ 2
(d¯iγµd j)(L¯kγµLl)+
cQi jekl
Λ 2
(Q¯iγµQ j)(e¯kγµel) (1)
where i, j,k, l are flavour indices, Qi =(V ∗jiu
j
L,d
i
L)
T and Li =
(ν iL, `iL)T are the SM left-handed quark and lepton weak
doublets, while di, ui, ei are the right-handed singlets. V
is the CKM flavour mixing matrix and σa are the Pauli
matrices acting on SU(2)L space.
An equivalent classification of the possible contact in-
teractions can be obtained by studying directly the q q¯→
`−`+ scattering amplitude:
A (qip1 q¯
j
p2 → `−p′1`
+
p′2
) = i ∑
qL,qR
∑
`L,`R
(q¯iγµq j) ( ¯`γµ`) Fq`(p2) ,
(2)
where p≡ p1 + p2 = p′1 + p′2, and the form factor Fq`(p2)
can be expanded around the propagating physical poles
(photon and Z boson), leading to
Fq`(p2) = δ i j
e2QqQ`
p2
+δ i j
gqZg
`
Z
p2−m2Z + imZΓZ
+
εq`i j
v2
. (3)
Here, Qq(`) is the quark (lepton) electric charge, while g
q(`)
Z
is the corresponding coupling to Z boson: in the SM
g fZ =
2mZ
v (T
3
f −Q f sin2 θW ). The contact terms ε
q`
i j are related
to the EFT coefficients in Eq. (1) by simple relations εx =
v2
Λ2 cx, with v' 246 GeV. The only constraint on the contact
terms imposed by SU(2)L invariance are ε
dLekR
i j = ε
uLekR
i j =
cQi jekkv
2/Λ 2.
The dilepton invariant mass spectrum can be written as
(see Appendix A),
dσ
dτ
=
(
dσ
dτ
)
SM
× ∑q,`Lqq¯(τ,µF)|Fq`(τs0)|
2
∑q,`Lqq¯(τ,µF)|FSMq` (τs0)|2
, (4)
where τ ≡ m2`+`−/s0 and
√
s0 is the proton-proton center
of mass energy. The sum is over the left- and right-handed
quarks and leptons as well as the quark flavours accessible
in the proton. Note that, since we are interested in the high-
energy tails (away from the Z pole), the universal higher-
order radiative QCD corrections factorize (to a large ex-
tent). Therefore, consistently including those corrections
(4 TeV)-2 (Q3γαQ3 )(L2γαL2 )
-(30 TeV)-2 (Q1γασaQ1 )(L2γασaL2 )
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Fig. 1 Rµ+µ−/e+e− as a function of the dilepton invariant mass m`+`−
for three new physics benchmark points. See text for details.
in the SM prediction is enough to achieve good theoreti-
cal accuracy. It is still useful to define the differential LFU
ratio,
Rµ+µ−/e+e−(m``)≡
dσµµ
dm``
/
dσee
dm``
=
=
∑q,µLqq¯(m2``/s0,µF)|Fqµ(m2``)|2
∑q,eLqq¯(m2``/s0,µF)|Fqe(m2``)|2
,
(5)
which is a both theoretically and experimentally cleaner
observable. As an illustration, we show in Fig. 1 the pre-
dictions for Rµ+µ−/e+e− at
√
s0 = 13 TeV, assuming new
physics in three benchmark operators. The parton lumi-
nosities used to derive these predictions are discussed in
the next chapter.
A goal of this work is to connect the high-pT dilep-
ton tails measurements with the recent experimental hints
on lepton flavour universality violation in rare semilep-
tonic B meson decays. The pattern of observed deviations
points towards new physics contributions in left-handed
quark currents involving muons, as discussed in the next
section in more details. For this reason, when discussing
the connection to flavour in Section 3, we limit our atten-
tion to the (L¯L)(L¯L) operators with muons given in the first
line of Eq. (1). For this purpose, it is useful to rearrange the
terms relevant to p p→ µ+µ− as:1
L eff ⊃ C
Uµ
i j
v2
(u¯iLγµu
j
L)(µ¯Lγ
µµL)+
CDµi j
v2
(d¯iLγµd
j
L)(µ¯Lγ
µµL) , (6)
The CUµ and CDµ matrices carry the flavour structure of
the operators. Since the top quark does not appear in the
process under study we can neglect the corresponding terms.
Regarding the off-diagonal elements, we keep only the b−
s one since it is where the flavour anomalies appear, while
1The down and up couplings are given by two orthogonal combina-
tions of the triplet and singlet operators in the first line of Eq. (1):
CD(U)µi j = v
2/Λ 2(c(1)Qi jL22 ± c
(3)
Qi jL22
).
3we set the others to zero. In summary:
CUµi j =
Cuµ 0 00 Ccµ 0
0 0 Ctµ
 , CDµi j =
Cdµ 0 00 Csµ C∗bsµ
0 Cbsµ Cbµ
 .
(7)
2.2 Present limits and HL-LHC projections
In this section we derive limits on the flavour non-universal
quark-lepton contact interactions by looking in the tails of
dilepton invariant mass distributions in p p→ `+`− at the
LHC. In our analysis, we closely follow the recent ATLAS
search [11] performed at 13 TeV with 36.1 fb−1 of data.
We digitise Figure 1 of Ref. [11], which shows the dis-
tribution of dielectron and dimuon reconstructed invariant
masses after the final event selection. We perform a profile
likelihood fit to a binned histogram distribution adopting
the method from Ref. [14]. The number of signal events,
as well as the expected signal events in the SM and back-
ground processes, are directly taken from the Figure 1 of
Ref. [11]. The likelihood function (L) is constructed treat-
ing every bin as an independent Poisson variable, with the
expected number of events,
∆Nbin = ∆NbinSM×
∑q,`
∫ τbinmax
τbinmin
dτ τ Lqq¯(τ,µF ) |Fq`(τs0)|2
∑q,`
∫ τbinmax
τbinmin
dτ τ Lqq¯(τ,µF ) |FSMq` (τs0)|2
, (8)
which is a function of the contact interactions. The best fit
point corresponds to the global minimum of χ2≡−2logL,
while nσ C.L. regions are given as ∆χ2 ≡ χ2 − χ2min <
∆nσ , where ∆nσ are defined with the appropriate cumula-
tive distribution functions. In the numerical study, we use
the NNLO118 MMHT2014 parton distribution functions
set [15]. We checked that our results have a very small de-
pendence on the factorization scale variation.
Furthermore, we independently cross-check the results
by implementing the subset of operators in Eqs. (6,7) in
a FEYNRULES [16] model, and generating pp→ µ+µ−
events at 13 TeV with the same acceptance cuts as in the
ATLAS search [11] using MADGRAPH5 AMC@NLO [17].
We find good agreement between the fits performed in both
ways.
In the SMEFT, neglecting flavour-violating interactions,
there are 18 independent four-fermion operators for muons
and 18 for electrons relevant to pp→ `+`− (see Eq. (1)).
In Appendix B (Tab. 1) we provide present and projected
2σ limits on all these coefficients, using the recent ATLAS
search [11]. While these limits are obtained in the sce-
nario where only one operator is considered at a time, we
checked that the 18× 18 correlation matrix derived in the
Gaussian approximation does not contain any large value
(the only non-negligible correlations are among the triplet
and singlet operators with the same flavour content, which
ATLAS 13 TeV p p→μ+ μ-
Cuμ⨯10
Cdμ⨯10
Csμ
Ccμ
Cbμ
-0.04 -0.03 -0.02 -0.01 0. 0.01 0.02 0.03 0.04
2σ observed: 36.1 fb-1 (blue), 2σ expected: 3000 fb-1 (red)
Fig. 2 In blue (red) we show the present (projected) 2σ limits onCqµ
(flavour conserving (L¯L)(L¯L) operators) where q = u,d,s,c and b,
using 13 TeV ATLAS search in pp→ µ+µ− channel [11]. Dashed
lines show the limits when all other coefficients are marginalised,
while the solid ones show the results of one-parameter fits.
is discussed in more details below). The absence of flat di-
rections can be understood by the fact that operators with
fermions of different flavour or chirality do not interfere
with each other.
Focusing only on the (L¯L)(L¯L) operators (in the nota-
tion of Eq. (6)), the 2σ limits, both from the present AT-
LAS search (blue) and projected for 3000 fb−1 (red), are
shown in Fig. 2. The solid lines show the 2σ bounds when
operators are taken one at a time, while the dashed ones
show the limits when all the others are marginalised. The
small difference between the two, especially with present
accuracy, confirms what we commented above.
3 Implications for R(K) and R(K∗)
3.1 Effective field theory discussion
Recent measurements in rare semileptonic b → s transi-
tions provide strong hints for a new physics contribution to
bsµµ local interactions (see for example the recent anal-
yses in Refs. [18,19,20]). In particular, a good fit of the
anomaly in the differential observable P′5 [21], together
with the hints on LFU violation in RK and RK∗ [22,23,24],
is obtained by considering a new physics contribution to
the Cbsµ coefficient in Eqs. (6,7). In terms of the SMEFT
operators at the electroweak scale, this corresponds to a
contribution to (at least) one of the two operators in the
4first row of Eq. (1) (see for example [25]). Moreover, the
triplet operator could at the same time solve the anomalies
in charged-currrent (RD(∗)) , see e.g. Refs. [26,27,28].
Matching at the tree level this operator to the standard
effective weak Hamiltonian describing b→ s transitions,
one finds
∆Cµ9 =−∆Cµ10 =
pi
αVtbV ∗ts
Cbsµ , (9)
where α is the electromagnetic fine structure constant while
|Vts| = (40.0± 2.7)× 10−3 and |Vtb| = 1.009± 0.031 are
CKM matrix elements [29].
The recent combined fit of Ref. [18] reported the best
fit value and 1σ preferred range
∆Cµ9 =−∆Cµ10 =−0.61±0.12 . (10)
Using this result and Eq. (9), one can estimate the scale of
the relevant new physics by defining Cbsµ = g2∗v2/Λ 2, ob-
taining Λ/g∗ ≈ 32+4−3 TeV. Depending on the value of g∗,
i.e. from the particular UV origin of the operator, the scale
of new physics Λ can be within or out of the reach of LHC
direct searches. We show that even in the latter case, under
some assumptions it can be possible to observe an effect
in the dimuon high energy tail. When comparing low and
high-energy measurements, the renormalisation group ef-
fects should in principle be taken into account. Since these
effects are small in this case, we neglect it in what follows
(see for example [25]).
We concentrate on UV models in which new particles
are above the scale of threshold production at the LHC,
such that the EFT approach is applicable in the most en-
ergetic dilepton events. We stress however that even for
models with light new physics these searches can be rele-
vant.
Let us discuss the flavour structure of the CD(U)µi j matri-
ces in Eqs. (6,7). New physics aligned only to the strange-
bottom coupling Cbsµ will not be probed at the LHC, in
fact the present (projected) 95% CL limits from the 13 TeV
ATLAS pp→ µ+µ− analysis with 36 fb−1 (3000 fb−1) of
luminosity are∣∣∣∣ piαVtbV ∗tsCbsµ
∣∣∣∣< 100 (39) , (11)
which should be compared with the value extracted from
the global flavour fits in Eq. (10). Such a peculiar flavour
structure is possible, but not very motivated from the model
building point of view.
On the other hand, taking the b→ sµ+µ− flavour anoma-
lies at face value provides a measurement of theCbsµ coef-
ficient (via Eq. (9)). In most flavour models flavour-violating
couplings are related (by symmetry or dynamics) to flavour-
diagonal one(s). In this case we can use the LHC upper
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Fig. 3 Present and projected 95% CL limits from pp→ µ+µ− in the
MFV case defined by Eq. (14).
limit on |Cqµ | from the dimuon high-pT tail in order to set
a lower bound on |λ qbs|, defined as the ratio
λ qbs ≡Cbsµ/Cqµ . (12)
In the following we study such limits for several particu-
larly interesting scenarios.
1) Minimal flavour violation
Under this assumption [30] the only source of flavour vio-
lation are the SM Yukawa matrices Yu ≡ V †diag(yu,yc,yt)
and Yd ≡ diag(yd ,ys,yb). Using a spurion analysis one can
estimate
c(3,1)Qi jL22 ∼
(
1+αYuY †u +βYdY
†
d
)
i j
, (13)
where α,β ∼O(1), which implies the following structure:
Cuµ =Ccµ =Ctµ ≡CUµ ,
Cdµ =Csµ =Cbµ ≡CDµ ,
(14)
while flavour-violating terms are expected to be CKM sup-
pressed, for example |Cbsµ | ∼ |VtbV ∗tsy2tCDµ |. In this case
the contribution to rare B meson decays has a Vts sup-
pression, while the dilepton signal at high-pT receives an
universal contribution dominated by the valence quarks in
the proton. The flavour fit in Eq. (10) combined with this
flavour structure would imply a value of |CDµ | ∼ 1.4×
10−3 which, as can be seen from the limits in Fig. 3, is
already probed by the ATLAS dimuon search [11] depend-
ing on the origin of the operator (i.e. from the SU(2) sin-
glet or triplet structure) and will definitely be investigated
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Fig. 4 We show the present (solid red) and projected (dashed red)
95% CL limit from pp→ µ+µ− in the Cqµ -|λbs| plane. The solid
(dashed) green line corresponds to the best fit (2σ interval) from the
fit of the flavour anomalies in Eq. (10).
at high luminosity.2 Allowing for more freedom and set-
ting Cbsµ ≡ λbsCDµ , we show in the top (central) panel of
2It should also be noted that the triplet combination is bounded from
the semileptonic hadron decays (CKM unitarity test) CUµ −CDµ =
(0.46± 0.52)× 10−3 [7], in the absence of other competing contri-
butions.
Fig. 4 the 95% CL limit in theCDµ -|λbs| plane, whereCUµ
is related to CDµ by assuming the triplet (singlet) struc-
ture. As discussed before, a direct upper limit on λbs, via
b− s fusion, can be derived only for very large values. On
the other hand, requiring Cbsµ to fit the B decay anomalies
already probes interesting regions in parameter space, ex-
cluding the MFV scenario (λbs = Vts) for both singlet and
triplet cases.
2) U(2)Q flavour symmetry
This symmetry distinguishes light left-handed quarks (dou-
blets) from third generation left-handed quarks (singlets).
The leading symmetry-breaking spurion is a doublet, whose
flavour structure is unambiguously related to the CKM ma-
trix [31]. In this case, in general the leading terms would
involve the third generation quarks, as well as diagonal
couplings in the first two generations. The relevant param-
eters for the dimuon production would then be
Cuµ =Ccµ ≡CUµ , Cdµ =Csµ ≡CDµ ,
Cbµ , Cbsµ ≡ λbsCbµ ,
(15)
where the flavour violating coupling is expected to be |λbs| ∼
|Vts|. As already done in the MFV case, in the following
we leave λbs free to vary and perform a four-parameter fit
to the dimuon spectrum. The resulting limits on CUµ and
CDµ are very similar to those obtained in the MFV scenario
(see Fig. 3) and are required to be much smaller than the
allowed range for Cbµ .
In the lower panel of Fig. 4 we show the present and
projected limits in the Cbµ -λbs plane (here we set CDµ =
CUµ = 0, after checking that no large correlation with them
is present). As for the MFV case, the fit of the flavour
anomalies in Eq. (10), combined with the upper limit on
|Cbµ |, provides a lower bound on |λbs|. In this case, while
at present this limit is much lower than the natural value
predicted from U(2) symmetry, λbs ∼Vts, with high lumi-
nosity an interesting region will be probed. For example,
in the U(2) flavour models of Ref. [28,32,33,53] a small
value of λbs is necessary in order to pass the bounds from
B− B¯ mixing.
3) Single-operator benchmarks:
It is illustrative to show the limits on λ qbs when only one
flavour-diagonal coefficientCqµ is non-vanishing, while fit-
ting at the same time ∆Cµ9 in Eq. (10). The expected 2σ
limits with 36.1 fb−1 (3000 fb−1) are:
λ ubs > 0.072 (0.77), λ
u
bs <−0.097 (−0.76) ,
λ dbs > 0.049 (0.36), λ
d
bs <−0.032 (−0.34) ,
λ sbs > 0.007 (0.04), λ
s
bs <−0.004 (−0.03) ,
λ cbs > 0.003 (0.02), λ
c
bs <−0.004 (−0.02) ,
λ bbs > 0.002 (0.01), λ
b
bs <−0.002 (−0.006) .
(16)
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Fig. 5 Limits on the Z′ MFV model from pp→ µ+µ−. See text for
details.
3.2 Model examples
Let us briefly speculate about the UV scenarios capable of
explaining the observed pattern of deviations in the rare B
meson decays. For our EFT approach to be valid, we focus
on models with new resonances beyond the kinematical
reach for threshold production at the LHC. In such mod-
els, the effective operators in Eq. (1) are presumably gener-
ated at the tree level.3 We focus here on the single mediator
models in which the required effect is obtained by integrat-
ing out a single resonance. These include either an extra Z′
bosons [28,32,37,38,39,40,41,42,43,44,45,46,47,48] or
a leptoquark [49,50,51,52,53,54,27,55,56,57] (for a re-
cent review on leptoquarks see [58]).
We note that a full set of single mediator models with
tree-level matching to the vector triplet (c(3)Qi jLkl ) or singlet
(c(1)Qi jLkl ) operators, consists of: color-singlet vectors Z
′
µ ∼
(1,1,0) andW ′µ ∼ (1,3,0), color-triplet scalar S3∼ (3¯,3,1/3),
and vectors Uµ1 ∼ (3,1,2/3), Uµ3 ∼ (3,3,2/3), in the no-
tation of Ref. [58]. The quantum numbers in brackets indi-
cate color, weak, and hypercharge representations, respec-
tively.
Z′ and W ′ models: A color-singlet vector resonance
gives rise to an s-channel resonant contribution to the dilep-
ton invariant mass distributions if MZ′ is kinematically ac-
cessible. Otherwise, the deviation in the tails is described
well by the dimension-six operators in Eq. (1) with Λ =
MV and
c(3)Qi jLkl =−g
(3),i j
Q g
(3),kl
L , c
(1)
Qi jLkl
=−g(1),i jQ g(1),klL , (17)
3Note that including a loop suppression factor of ∼ 116pi2 , the fit of
the flavour anomalies in Eq. (10) points to a scale Λ ≈ 2.6+0.2−0.3 TeV
(see for example models proposed in Refs. [34,35,36]).
obtained after integrating out the heavy vectors with inter-
actionsL ⊃ Z′µJµ +W ′aµ Jaµ , where
Jµ = g
(1),i j
Q (Q¯iγµQ j)+g
(1),kl
L (L¯kγ
µLl) ,
Jaµ = g
(3),i j
Q (Q¯iγµσ
aQ j)+g
(3),kl
L (L¯kγ
µσaLl) .
(18)
A quark flavour-violating g(x),23Q coupling and g
(x),22
L are
required to explain the flavour anomalies, while the limits
from pp→ µ+µ− reported in Table 1, can easily be trans-
lated to the flavour-diagonal couplings and mass combina-
tions.
For example, assuming a singlet Z′ with g1,i jQ = g
1,i j
L =
δ i jg∗ and MFV structure (g
(1),23
Q =Vtsg∗) we derive limits
on g∗ as a function of the mass MZ′ , both fitting the data
directly in the full model,4 and in the EFT approach. The
results are shown in Fig. 5. The limits in the full model are
shown with solid-blue while those in the EFT are shown
with dashed-blue. We see that for a mass MZ′ & 4−5 TeV
the limits in the two approaches agree well, while for the
lower masses the EFT still provides conservative bounds.5
On top of this, we show with green lines the best fit and 2σ
interval which reproduce the b→ sµµ flavour anomalies,
showing how LHC dimuon searches already exclude such
a scenario independently of the Z′ mass.
Related to the above analysis, let us comment on the
model recently proposed in Ref. [48]. An anomaly-free
horizontal gauge symmetry is introduced, with a correspond-
ing gauge field (Z′h) having MFV-like couplings in the quark
sector. Fig. 1 of Ref. [48] shows the preferred region from
∆Cµ9 in the mass versus coupling plane, as well as the con-
straint from the Z′ resonance search (from the same exper-
imental analysis used here [11]). While the limits from the
resonance search are effective up to ∼ 4 TeV, we note that
the limits from the tails go even beyond and already probe
the interesting parameter region as shown in our Fig. 4.
Note that this statement is independent of the Z′ mass (as
long as the EFT is valid).
Leptoquark models: A color-triplet resonance in the
t-channel gives rise to pp → `+`− at the LHC [59,60].
The relevant interaction Lagrangian for explaining B de-
cay anomalies is,
L ⊃ yLL3i jQ¯c,iL iσ2σaL jLSa3 + xLL3i jQ¯iLγµσaL jLUa3,µ
+ xLL1i jQ¯
i
Lγ
µL jLU1,µ +h.c. ,
(19)
and the matching to the EFT is provided in Table 4 of
Ref. [58]. The constraints from Table 1 apply again in a
straightforward way. The validity of the expansion has been
4The Z′ decay width is determined by decays into the SM fermions
u,d,s,c,b, t,µ,νµ via Eq. (18), i.e. ΓZ′/MZ′ = 5g2∗/(6pi).
5See Ref. [9] for a more detailed discussion on the EFT validity in
high-pT dilepton tails.
7studied in details in Refs. [59,60]. We would like to point
out that similar limits would apply even for a relatively
light LQ (in the ∼ TeV range). As an illustration, the fit to
low-energy anomalies in the model of Ref. [36] (where the
effect is loop-generated), requires large charm-muon-LQ
coupling, leading to a potentially observable c c¯→ µ+µ−
production at high-pT . We also note that the single LQ pro-
duction at the LHC can constrain similar couplings [61].
4 Conclusions
In this work we discuss the contribution from flavour non-
universal new physics to the high-pT dilepton tails in pp→
`+`−, where ` = e,µ . In particular, we set the best up-to-
date limits on all 36 four-fermion operators in the SMEFT
which contribute to these processes by recasting the recent
13 TeV ATLAS analysis with 36.1 fb−1 of data, as well as
estimate the final sensitivity for the high-luminosity phase
at the LHC.
Recent results in rare semileptonic B meson decays
show some intriguing hints for possible violation of lepton-
flavour universality. It is particularly interesting to notice
that all the different anomalies can be coherently described
by a new physics contribution to the left-handed bL→ sLµ+L µ−L
contact interaction. In most flavour models, the flavour-
changing interactions are related (and usually suppressed
with respect) to the flavour diagonal ones. These, in turn,
are probed via the high-pT dimuon tail, allowing us to set
limits which are already probing interesting regions of pa-
rameter space of some models.
In particular, our limits exclude, or put in strong ten-
sion, scenarios which aim to describe the flavour anoma-
lies using MFV structure that directly relates the bsµµ
contact interaction to the ones involving first generation
quarks, tightly constrained from pp→ µ+µ−. On the other
hand, scenarios with U(2)Q flavour symmetry predomi-
nantly coupled to the third generation quarks lead to milder
constraints. We also briefly discuss a few explicit examples
with heavy mediator states (colourless vectors and lepto-
quarks), and show a comparison of the limits obtained in
the EFT with those obtained directly in the model.
If these flavour anomalies will be confirmed with more
data, correlated signals at high-pT processes at LHC will
be crucial in order to decipher the responsible dynamics.
We show that the high energy dilepton tails can provide
very valuable information in this direction.
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Appendix A: dilepton cross section
The unpolarized partonic differential cross section follow-
ing from Eq. (2) is given by
dσˆ
dt
=
1
48pis2
u2
(|FqL`L(s)|2 + |FqR`R(s)|2)
+
1
48pis2
t2
(|FqL`R(s)|2 + |FqR`L(s)|2) , (A.1)
where s, t, and u are the Mandelstam variables. The total
partonic cross section is
σˆ =
s
144pi
(|FqL`L (s)|2 + |FqR`R (s)|2 + |FqL`R (s)|2 + |FqR`L (s)|2) ,
(A.2)
while the hadronic cross section is obtained after convolut-
ing the partonic one with the corresponding parton lumi-
nosity functions
Lqq¯(τ,µF) =
∫ 1
τ
dx
x
fq(x,µF) fq¯(τ/x,µF) . (A.3)
In particular, the cross section in the dilepton invariant mass
bin
[
τbinmin,τ
bin
max
]
is given by
σbin(p p→ `+`−) =∑
q
∫ τbinmax
τbinmin
dτ 2Lqq¯(τ,µF) σˆ(τs0) .
(A.4)
Appendix B: Operator limits
In Table 1 we show the present 2σ limits on the 36 inde-
pendent four-fermion operators contributing to pp→ `+`−
from the 13 TeV ATLAS analysis [11] with 36.1 fb−1 of
data, as well as projections for 3000 fb−1, where only one
operator is turned on at a time. The notation used is as in
Eq. (1) but the cutoff dependence has been reabsorbed as
Cx ≡ v2Λ2 cx. In the case of operators involving bL quark, in-
stead, we keep only the combination of triplet and singlet
aligned with it, since the top quark does not enter in this
observable. In the Gaussian approximation we derived the
correlation matrix in the 36 coefficients and checked that
the only non-negligible correlation is the one among the
triplet and singlet (L¯L)(L¯L) operators with same fermion
content. This correlation is shown explicitly in the 2d fit of
Fig. 3.
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